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POWER SUPPLY AND METHOD FOR
COMPENSATING LOW-FREQUENCY
OUTPUT VOLTAGE RIPPLE THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a power supply and a
method for compensating low-frequency output voltage
ripple and, more particularly, to a technique pertinent to con-
trol command compensation performed by providing zero-
crossing information of AC (Alternating Current) power of a
power factor correction (PFC) circuit on a primary side of a
power supply and load information to a DC (Direct Current)
to DC conversion circuit for the DC to DC conversion circuit
to compensate control command thereofin collaboration with
a table-mapping means.

2. Description of the Related Art

With reference to FIG. 6, a conventional switching power
supply has arectification circuit 81, a PFC circuit 82 and a DC
to DC conversion circuit 83. The rectification circuit 81 con-
verts an AC input power (AC in) into a DC power. The PFC
circuit 82 is connected to an output terminal of the rectifica-
tion circuit 81, and has an inductor L1, a diode, a first power
switch S1 and a PFC controller located on a DC circuit loop.
The PFC controller is connected to and detects the AC input
power (AC in). The DC to DC conversion circuit 83 has a
transformer T1, a DC to DC controller U1 and a second power
switch S2. One control terminal of the DC to DC controller
U1 is connected to the second power switch S2. The second
power switch S2 is connected to the primary side of the
transformer T1.

The DC to DC conversion circuit 83 acquires an input
voltage Vin(t) from an output terminal of the PFC circuit 82,
and further generates an output voltage Vout(t) after conver-
sion. The input voltage Vin(t) is converted from the AC input
power (AC in) at a specific frequency (e.g. 60 Hz) and thus
contains low-frequency ripple at a frequency doubling the
specific frequency (e.g. 120 Hz) as shown in FIG. 7A. The
low-frequency ripple still exists in the output voltage Vout(t)
as shown in FIG. 7B even after the conversion of the DC to
DC conversion circuit 83. However, the low-frequency ripple
contained in the output voltage Vout(t) should be removed or
reduced as much as possible.

A first approach of eliminating low-frequency ripple in the
output voltage Vout(t) is to increase the low-frequency
response speed of the DC to DC conversion circuit 83. As
such approach involves higher complexity of the DC to DC
controller Ul and measurement of input voltage and may
affect other low-frequency response characteristics, directly
increasing the low-frequency response speed of the DC to DC
conversion circuit 83 is not an ideal solution.

With reference to FIG. 8, a second approach targets at
adding a ripple suppression circuit 84 between a DC input
voltage terminal and the DC to DC controller U1. The ripple
suppression circuit 84 has a high-pass filter 841 and an adder
842. After passing the high-pass filtering, the input voltage
Vin(t) is added to a reference signal by the adder 842 to
compensate control commands of'the DC to DC controller U1
and thereby eliminating the low-frequency ripple contained
in the output voltage Vout(t).

Although the second approach can ecliminate low-fre-
quency ripple in the output voltage Vout(t), the input voltage
Vin(t) is a high-voltage DC power and the ripple suppression
circuit 84 also involves a high-voltage circuit loop, which
makes the circuit design more complicated and inevitably
increases the production cost. A third approach, which is
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similar to the second approach, adopts a resonant controller to
replace the foregoing ripple suppression circuit 84. However,
the third approach also has the issues of higher circuit com-
plexity and cost.

SUMMARY OF THE INVENTION

An objective of the present invention is to provide a power
supply and a method for compensating low-frequency output
voltage ripple of the power supply, which use a DC to DC
conversion circuit to acquire zero-crossing information of an
AC input power and load information from a PFC circuit
through a communication protocol and to perform compen-
sation with a table-mapping means, effectively eliminating
low-frequency ripple and simplifying the circuit structure at
the absence of the issues of change of response characteristics
and cost increase.

To achieve the foregoing objective, given a power supply
having a power factor correction (PFC) circuit and a DC
(Direct Current) to DC conversion circuit with the DC to DC
conversion circuit having a DC to DC controller, the method
for compensating low-frequency output voltage ripple of a
power supply is performed by the DC to DC controller and
has steps of:

providing a mapping table with multiple compensation
signals built in the DC to DC controller;

continuously acquiring zero-crossing information of an
AC (Alternating Current) power from the PFC circuit;

determining if a zero-crossing of the AC input power is
taking place according to the zero-crossing information; and

selecting a corresponding compensation signal from the
mapping table to compensate a control command when the
zero-crossing of the AC input power is taking place.

To achieve the foregoing objective, the power supply has a
power factor correction (PFC) circuit and a DC (Direct Cur-
rent) to DC conversion circuit.

The PFC circuit has a PFC controller connected to an AC
(Alternating Current) power to detect and provide zero-cross-
ing information of the AC input power.

The DC to DC conversion circuit has a DC to DC controller
connected to the PFC controller through a communication
protocol to acquire the zero-crossing information of the AC
input power. The DC to DC controller has a control unit built
in with a mapping table with multiple compensation signals.
The control unit locates one of the compensation signals from
the mapping table to compensate an original control com-
mand according to the acquired zero-crossing information of
the AC input power.

The present invention employs the function of the PFC
circuit of the power supply in detecting the AC input power
and the load to provide the DC to DC conversion circuit the
zero-crossing information of the AC input power, such that
the DC to DC conversion circuit identifies a corresponding
compensation signal from the mapping table to compensate
the control command upon a zero-crossing of the AC input
power to thus effectively eliminate the low-frequency ripple
existing in the output voltage. As the compensation technique
of the present invention involves no adjustment of the speed
of low-frequency response, other low-frequency response
characteristics will not be affected. Moreover, because the
DC to DC controller of the DC to DC conversion circuit
acquires the zero-crossing information of the AC input power
and compensates the original control command with the
table-mapping means, no additional hardware circuit is
required and circuit complexity and cost increase can be
avoided accordingly.
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Other objectives, advantages and novel features of the
invention will become more apparent from the following
detailed description when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram of a power supply in accordance
with the present invention;

FIG. 2 is a functional circuit diagram of a PFC controller in
FIG. 1,

FIGS. 3A to 3G are waveform diagrams showing processes
for compensating output voltage of a DC to DC conversion
circuit of the power supply in FIG. 1;

FIG. 4 is a flow diagram of a first embodiment of a method
for compensating low-frequency output voltage ripple of the
power supply in FIG. 1;

FIG. 5 is a flow diagram of a second embodiment of a
method for compensating low-frequency output voltage
ripple of the power supply in FIG. 1;

FIG. 6 is a circuit diagram of a conventional switching
power supply;

FIGS. 7A and 7B are waveform diagrams of input voltage
and output voltage of a DC to DC conversion circuit of the
switching power supply in FIG. 6; and

FIG. 8 is a functional circuit diagram of a conventional DC
to DC conversion circuit with a low-frequency ripple com-
pensation mechanism.

DETAILED DESCRIPTION OF THE INVENTION

With reference to FIG. 1, a power supply in accordance
with the present invention has a rectification circuit 10, a
power factor correction (PFC) circuit 20 and a DC to DC
conversion circuit 30.

The rectification circuit 10 has an AC (Alternating Current)
input terminal and a DC (Direct Current) output terminal. The
AC input terminal is connected to an AC input power (AC in)
to convert the AC input power (AC in) into a DC power. The
PFC circuit 20 is connected between the DC output terminal
of'the rectification circuit 10 and a DC voltage input terminal
of the DC to DC conversion circuit 30.

The PFC circuit 20 includes an inductor L1, a diode, a first
power switch S1 and a PFC controller 21. The PFC controller
21 is connected to the AC input power (AC in) to detect
zero-crossing information of the AC input power (AC in) and
load information of the power supply, such as input current lin
and output current lout of the DC to DC conversion circuit 30.

The DC to DC conversion circuit 30 has a transformer T1,
a DC to DC controller U1 and a second power switch S2. The
primary side of the transformer T1 is connected to the second
power switch S2 and an output terminal of the PFC circuit 20.
A control terminal of the DC to DC controller 31 is connected
to the second power switch S2.

The DC to DC controller 31 and the PFC controller 21 of
the DC to DC conversion circuit 30 are connected through a
communication protocol for the DC to DC controller 31 to
acquire the zero-crossing information of the AC input power
(AC in) from the PFC controller 21. In the present embodi-
ment, with further reference to FIG. 1, the communication
protocol is I°C (Inter-integrated Circuit). The DC to DC con-
troller 31 acquires the zero-crossing information of the AC
input power (AC in) from the PFC controller 21.

With reference to FIG. 2, the DC to DC controller 31 is a
PWM (Pulse Width Modulation) controller and has a control
unit 311, a first adder 312, a pulse width modulator 313 and a
mapping table 314. The mapping table 314 is built in with

10

15

20

25

30

35

40

45

50

55

60

65

4

multiple compensation signals. In the present embodiment,
each compensation signal is a part of a sinusoidal signal. The
first adder 312 is connected between a control command
output terminal of the control unit 311 and an input terminal
of the pulse width modulator 313. The control unit 311
locates a corresponding compensation signal from the map-
ping table 314 according to the zero-crossing information and
the load information acquired from the PFC controller 21 to
compensate a control command of the control unit 311 origi-
nally outputted to the pulse width modulator 313. The pulse
width modulator 313 further drives the second power switch
S2 according to the compensated control command to elimi-
nate the low-frequency ripple contained in an output voltage
Vout(t) of the DC to DC conversion circuit 30.

In the present embodiment, the DC to DC controller 31
further has a second adder 315 adds a feedback of the output
voltage Vout(t) and a reference voltage Vref and then sends
the added signal to the control unit 311 as a reference for
compensation.

With reference to FIGS. 3A to 3G, specific technical con-
tent about the compensation carried out for the control com-
mand is described as follows. A first waveform A indicates a
sinusoidal signal of the AC input power (AC in). A frequency
of the AC input power (AC in) at 60 Hz is given here to
facilitate explanation. After the AC input power (AC in) is
converted by the rectification circuit 10 and the PFC circuit
20, an input voltage Vin(t) as illustrated by a waveform B in
FIG. 3B is provided to the DC to DC conversion circuit 30.
The input voltage Vin(t) is converted by the DC to DC con-
version circuit 30 in generation of the output voltage Vout(t)
as illustrated by a waveform C in FIG. 3C. As can be seen
from the waveforms B and C, both the input voltage Vin(t) and
the output voltage Vout(t) contain low-frequency ripple with
a ripple frequency at 120 Hz. The mentioned compensation
mechanism targets at eliminating the low-frequency ripple
with the ripple frequency at 120 Hz.

To ensure that the compensation mechanism is synchro-
nous with the AC input power (AC in), the DC to DC con-
troller 31 acquires the zero-crossing information of the AC
input power (AC in) from the PFC controller 21. To ascertain
timing for the compensation, the PFC controller 21 performs
zero-crossing detection on the AC input power (AC in) when
the sinusoidal signal of the AC input power (AC in) passes
through a zero point (a zero crossing) from a negative half
cycle to a positive half cycle or from a positive half cycle to a
negative half cycle, and transmits the zero-crossing informa-
tion to the DC to DC controller 31 through the communica-
tion protocol (IC). After being informed that a zero-crossing
is taking place in the AC input power (AC in), the DC to DC
controller 31 locates a corresponding compensation signal
from the mapping table 314 to compensate a control com-
mand. The compensation signal mapped from the mapping
table 314 is illustrated as a waveform G in FIG. 3G. The
control command is illustrated as a waveform D in FIG. 3D,
and is a reverse signal of the input voltage Vin(t). The com-
pensation signal mapped from the mapping table 314 and the
control command have a same phase. After the first adder 312
adds the mapped compensation signal to the control com-
mand, the compensated control signal after the addition of the
original control signal and the compensation is illustrated by
awaveform E in FIG. 3E, and is of greater amplitude than that
of'the uncompensated control signal as shown in FIG. 3D. As
the phases of the compensated control signal and the input
voltage Vin(t) are reverse, after the pulse width modulator 313
drives the second power switch S2 according to the compen-
sated control signal, the low-frequency ripple in the compen-



US 9,425,697 B2

5

sated output voltage Vout(t) as illustrated by a waveform F in
FIG. 3F is significantly eliminated.

In the foregoing compensation mechanism the DC to DC
controller 31 performs compensation at each zero-crossing
point of the AC input power (AC in), and time axes in FIGS.
3D, 3E and 3G are used to explain compensation timing and
content of the compensation signal.

When identifying a zero-crossing at time T0 of a sinusoidal
signal of the AC input power (AC in) from the zero-crossing
information, the DC to DC controller 31 locates a correspond-
ing part of a sinusoidal wave as illustrated by a waveform G in
FIG. 3G from the mapping table 314, which is superimposed
on the control command (waveform D). The control com-
mand with the compensation signal superimposed thereon is
illustrated by a portion of the waveform E between time T0
and time T1 in FIG. 3E.

When identifying a zero-crossing at time T1 of the sinu-
soidal signal of the AC input power (AC in) again from the
zero-crossing information, the DC to DC controller 31 locates
a corresponding part of a sinusoidal wave as illustrated by a
waveform G in FI1G. 3G from the mapping table 314, which is
superimposed on the control command (waveform D). The
compensated control command is illustrated by a portion of
the waveform E between time T1 and time T2 in FIG. 3E.
Similarly, when identifying a zero-crossing at time T2 of the
sinusoidal signal of the AC input power (AC in) from the
zero-crossing information, the compensated control com-
mand is illustrated by a portion of the waveform E between
time T2 and time T3 in FIG. 3E. Such sequential compensa-
tion at each zero-crossing point of the sinusoidal signal of the
AC input power (AC in) not only occurs synchronously with
the sinusoidal signal of the AC input power but is accurately
and effectively performed.

In addition to compensating the output voltage Vout(t) with
the zero-crossing information in collaboration with the map-
ping table, the DC to DC controller 31 can also compensate
the output voltage Vout(t) by referring to load information of
the power supply, such that compensation of the output volt-
age Vout(t) can be performed according to a load variation.
With further reference to FIG. 2, an adjuster 316 is connected
between the mapping table 314 and the first adder 312 and is
controlled by the control unit 311. The control unit 311 con-
trols the adjustor 316 according to the load information to
adjust a magnitude of the compensation signal selected from
the mapping table 314 and superimposed on the control com-
mand. The load information includes the input current Iin
acquired through the communication protocol I2C, the feed-
back output voltage Vout(t) obtained from the second adder
315 and the output current Vout for compensation taking the
factor of load variation into account.

With reference to FIG. 4, a first embodiment of a method
for compensating output voltage ripple of the foregoing
power supply is performed by the DC to DC controller of the
DC to DC conversion circuit, and has the following steps.

Step S401: Provide a mapping table with multiple compen-
sation signals built in the DC to DC controller.

Step S402: Continuously acquire zero-crossing informa-
tion of an AC (Alternating Current) input power from the PFC
circuit.

Step S403: Determine if a zero-crossing of the AC input
power is taking place according to the zero-crossing informa-
tion.

Step S404: Select a corresponding compensation signal
from the mapping table to compensate a control command
when the zero-crossing of the AC input power is taking place.

With reference to FIG. 5, a second embodiment of a
method for compensating output voltage ripple of the fore-
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6

going power supply differs from the first embodiment in that
Step S504 compensates the control command with the zero-
crossing information and the load information acquired from
the PFC circuit.

In sum, as the compensation technique adopted by the
present invention involves no adjustment for the speed of
low-frequency response of a controller, there is no concern
for response characteristics of the power supply in the present
invention varying with the low-frequency response. Also
because the DC to DC controller of the DC to DC conversion
circuit acquires the zero-crossing information of the AC input
power from the PFC circuit and compensates the control
command with a mapping table, no additional hardware cir-
cuit is required. Accordingly, circuit complexity and cost can
be reduced.

Even though numerous characteristics and advantages of
the present invention have been set forth in the foregoing
description, together with details of the structure and function
of the invention, the disclosure is illustrative only. Changes
may be made in detail, especially in matters of shape, size,
and arrangement of parts within the principles of the inven-
tion to the full extent indicated by the broad general meaning
of the terms in which the appended claims are expressed.

What is claimed is:

1. A method for compensating low-frequency output volt-
age ripple of a power supply, wherein the power supply has a
power factor correction (PFC) circuit and a DC (Direct Cur-
rent) to DC conversion circuit, the DC to DC conversion
circuit has a DC to DC controller performing the method, the
method comprising steps of:

providing a mapping table with multiple compensation

signals built in the DC to DC controller;
continuously acquiring zero-crossing information of an
AC (Alternating Current) power from the PFC circuit;

determining if a zero-crossing of the AC input power is
taking place according to the zero-crossing information;
and

selecting a corresponding compensation signal from the

mapping table to compensate a control command when
the zero-crossing of the AC input power is taking place.

2. The method as claimed in claim 1, wherein the compen-
sation signal is a part of a sinusoidal signal.

3. The method as claimed in claim 2, wherein phases of the
compensated control signal and an input voltage of the DC to
DC conversion circuit are reverse.

4. The method as claimed in claim 1, wherein in the step of
selecting a corresponding compensation signal from the map-
ping table, the DC to DC controller further acquires load
information of the power supply and compensates the control
command with the load information and the zero-crossing
information.

5. The method as claimed in claim 2, wherein in the step of
selecting a corresponding compensation signal from the map-
ping table, the DC to DC controller further acquires load
information of the power supply and compensates the control
command with the load information and the zero-crossing
information.

6. The method as claimed in claim 3, wherein in the step of
selecting a corresponding compensation signal from the map-
ping table, the DC to DC controller further acquires load
information of the power supply from the PFC circuit and
compensates the control command with the load information
and the zero-crossing information.

7. The method as claimed in claim 4, wherein the load
information is acquired from the PFC circuit, and includes an
input current of the PFC circuit.
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8. The method as claimed in claim 5, wherein the load
information is acquired from the PFC circuit, and includes an
input current of the PFC circuit.
9. The method as claimed in claim 6, wherein the load
information is acquired from the PFC circuit, and includes an
input current of the PFC circuit.
10. The method as claimed in claim 4, wherein the load
information is acquired from the PFC circuit, and includes an
output current and an output voltage of the DC to DC conver-
sion circuit.
11. The method as claimed in claim 5, wherein the load
information is acquired from the PFC circuit, and includes an
output current and an output voltage of the DC to DC conver-
sion circuit.
12. The method as claimed in claim 6, wherein the load
information is acquired from the PFC circuit, and includes an
output current and an output voltage of the DC to DC conver-
sion circuit.
13. A power supply, comprising:
apower factor correction (PFC) circuit having a PFC con-
troller connected to an AC (Alternating Current) power
to detect and provide zero-crossing information of the
AC input power; and

a DC (Direct Current) to DC conversion circuit having a
DC to DC controller connected to the PFC controller
through a communication protocol to acquire the zero-
crossing information of the AC input power, wherein the
DC to DC controller has a control unit built in with a
mapping table with multiple compensation signals, and
the control unit locates one of the compensation signals
from the mapping table to compensate an original con-
trol command according to the acquired zero-crossing
information of the AC input power.

14. The power supply as claimed in claim 13, wherein the
DC to DC controller is a pulse width modulation controller
and further has:

a pulse width modulator; and

a first adder connected between an control command out-

put terminal of the control unit and an input terminal of
the pulse width modulator;

10

8

wherein the control unit of the DC to DC controller locates
one of the compensation signals from the mapping table
according to the zero-crossing information acquired
from the PFC controller to compensate the original con-
trol command outputted from the control unit of the DC
to DC controller to the pulse width modulator.

15. The power supply as claimed in claim 14, wherein the
DC to DC controller further has a second adder adding a
feedback output voltage of the DC to DC conversion circuit
and a reference voltage and outputting a signal obtained from
the addition to the control unit.

16. The power supply as claimed in claim 13, wherein

the DC to DC controller further has an adjustor connected

between the mapping table and the first adder, and con-
nected to and controlled by the control unit; and

the control unit controls the adjuster according to load

information acquired from the PFC circuit to adjust a
magnitude of the compensation signal selected from the
mapping table and superimposed on the original control
command.

17. The power supply as claimed in claim 14, wherein

the DC to DC controller further has an adjustor connected

between the mapping table and the first adder, and con-
nected to and controlled by the control unit; and

the control unit controls the adjuster according to load

information acquired from the PFC circuit to adjust a
magnitude of the compensation signal selected from the
mapping table and superimposed on the original control
command.

18. The power supply as claimed in claim 15, wherein

the DC to DC controller further has an adjustor connected

between the mapping table and the first adder, and con-
nected to and controlled by the control unit; and

the control unit controls the adjuster according to load

information acquired from the PFC circuit to adjust a
magnitude of the compensation signal selected from the
mapping table and superimposed on the original control
command.



